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THE LANCEFIELD GROUPS OF HEMOLYTIC
STREPTOCOCCI FOUND IN CHILDREN*
EMILIO ESTRADA
In a recent paper Boisvert,' reports that of 509 strains of Strep-
tococcus hemolyticus isolated from 262 cases of streptococcal disease
and grouped by means of the precipitin test, all fell into Lancefield's
Group A; all of these cases were infants and children.
Our own work has been along similar lines and was planned as
a further test of the striking relationship between Group A strepto-
cocci and disease in children. At the same time we took the oppor-
tunity to test Fuller's method2 of preparing extracts to be used in
the precipitin test. This method depends on the solvent properties
of formamide. We have grouped all strains recovered from the
routine cultures made on all children, except the healthy newborn
infants, admitted to the Pediatric Service of the New Haven Hos-
pital. The period of study was from October 28, 1938, to March
18, 1939.t
All strains were identified by Mrs. Mildred Fousek, Bacteriolo-
gist in this department, usingas criteria foridentification: (a) Colony
on blood agar plates, (b) usual morphology, (c) ability of blood
culture to hemolyse S per cent rabbit erythrocytes suspended in
saline, and (d) resistance of the culture to bile.
Material
Most of the clinical material was obtained from cases admitted
to the Pediatric Service of this Hospital, but in about 30 cases the
cultures examined were taken at the Children's Community Center
in New Haven. Culture of the nose and throat on blood agar
plates was carried out on all patients with fever. Smears and cul-
tures were made of all purulent exudates or open lesions.
* From the Department of Pediatrics> Yale University School of Medicine, and
the Pediatric Service of the New Haven Hospital and Dispensary. Aided by a
grant from the Fluid Research Fund of the Yale University School of Medicine.
t Studies reported by Boisvert were from patients on the Pediatric Service of
the New Haven Hospital from Oct. 1, 1936, to Feb. 1, 1938.YALE JOURNAL OF BIOLOGY AND MEDICINE
Methods
All strains were grouped on a serological basis; fermentation
tests were not done.
Immune Serum: Sera were prepared by the method described
by Lancefield.' The sediment of 30 cc. of culture in broth was
resuspended in 1.5 cc. of saline, and enough formalin was added to
make a final concentration of 0.2 per cent. After 48 hours the
suspensions were sterile and, on being diluted to their original
volume, were ready for use. Group A vaccines were killed by heat-
ing at 560 C. for a half hour rather than with formalin.
All strains used for immunization had been previously grouped
and were kindly supplied by Dr. R. C. Lancefield of the Hospital
of the Rockefeller Institute for Medical Research.
Rabbits received 1 cc. of vaccine daily for a week and then were
allowed to rest for an equal period. After the second series of
injections most sera were found to be satisfactory. All sera were
found to give positive reactions only with streptococci of the homol-
ogous serological group.
Extracts: Extracts to be used as antigens in the precipitin test
were made by the formamide method described by Fuller.2
Precipitin test: In performing the test a series of two tubes, one
containing 0.4 cc. of extract, the other 0.1 cc. diluted with saline to
make avolume of 0.4 cc., were used. A control tube with 0.4 cc. of
saline was included. To all tubes 0.2 cc. of undiluted immune
serum were added with care to prevent mixing in order to observe
ring formation.
The usual procedure was to test the strains against Group A
serum first, and if no precipitate formed, tests were made for the
other groups. About 70 per cent of strains were also tested against
Group B serum as a control procedure. In no instance was any
cross-reaction noticed. A heavy white ring formed immediately in
the tube with the undiluted extract when the test was positive; but
where the extract had been diluted, the ring was faint and slow in
forming.
The tubes were then shaken and placed in a water-bath at 370 C.
for two hours. In the final reading, which was made after they
had been left in the ice-box overnight, the tube with the undiluted
extract seldom showed more than turbidity, but except in negative
tests or when the extract was not sufficiently dilute, the other tube
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gave astrongflocculation (usuallyin the form of adisc) when mixed
with its homologous group serum. Control tubes were always
negative.
Results
Of the 475 patients cultured, 100 cases yielded hemolytic strep-
tococci. Of these 100 cases, 15 were infants under 2 years of age
and the remaining 85 were between 2 and 16 years. By far the
majority of strains studied, 93 instances, belonged to Lancefield's
Group A. Hemolytic streptococc of this group were almost always
found in diseases thought to be due to this organism, but they were
TABLE 1
CLINICAL MATERIAL, INCIDENCE, AND GROUPING OF HEMOLYTIC STREPTOCOCCI
No.
Totl of cases
number positwe Number of strains inserologiad groups
of for hem. -of str__s s
Disease cases strep. Group A Group C Group F Others
Streptococcal disease 25 25 25 0 0 0
Possible streptococcal
disease 70 48 48 0 0 0
Possible streptococcal
sequelae 14 7 7 0 0 0
Acute respiratory
infections 197 15 10 5 0 0
Other conditions 169 5 3 1 1 0
Total 475 100 93 6 1 _ 0
also present in 9 cases of non-streptococcal disease, and in 7 cases in
diseases which are generally believed to be sequelae to streptococcal
infection but whose etiology has not yet been definitely proved. Of
these latter cases, 4 were rheumatic fever, 2 chorea, and 1 chronic
nephritis.
Group C streptococcus was found in 6 cases, but in no instance
could it be blamed for the infection. Two of these cases were
measles, I a pneumococcal pneumonia, 1 an upper respiratory infec-
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tion, 1 asthmatic bronchitis, and 1 multiple vaccination. The first
three of this group of 6 cases came from one family.
The only other serological group encountered was a single strain
belonging to Group F. This was recovered from the throat-swab
made on a 15-year-old boy with a prolonged fever thought to be
lupus erythematosus.
Table 1 gives an outline of the incidence of hemolytic strepto-
cocci in various diseases. Under "Streptococcal diseases" we have
placed scarlet fever, erysipelas, streptococcal bacteremia, and strepto-
coccal pneumonia; while tonsillitis, cervical adenitis, otitis media,
mastoiditis, bacteremia, cellulitis, skin and eye infections, and other
miscellaneous infections fall under "Possible streptococcal diseases."
Rheumatic fever, chorea, and nephritis are the diseases listed as
possible streptococcal sequelae. All other diseases have been divided
intotwo groups: (a) Acute respiratory infections (measles, influenza,
whooping-cough, asthmatic bronchitis, pneumococcal pneumonia,
colds, etc.) and (b) other conditions.
Table 2 indudes only those diseases from which Streptococcus
hemolyticus was cultured, giving the source of the strain, its sero-
logical group, and the age of the patient from whom the culture
was taken. The total number of cases and the number- yielding
Streptococcus hemolyticus are also given.
Table 3 lists the total number of cases in each disease from which
cultures were made and found negative.
Discussion
In view of the results it seems clear that Fuller's method of pre-
paring extracts for the precipitin test is a reliable one, giving clear-
cut reactions which are easy to read when extracts and sera are used
in adequate proportions. Moreover, the ring test which can be read
within two or three minutes with concentrated extracts was found
reliable and specific.
The results obtained confirm the findings of previous workers
in that only Group A organisms were found in sick children, and it
seems significant that there was not a single case of streptococcal
disease from which an organism of this group was not cultured.
The percentage of positive cultures in what we have classified as
"Possible streptococcalVdiseases" is somewhat lower,; but it is difficult
to give the exact number of infections due to Streptococcus hemolyti-
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TABLE 3
OTHER DISEASES ENCOUNTERED FROM WHICH HEMOLYTIC STREPTOCOCCUS WAS
NOr ISOLATED
Acne vulgaris 1 Feeding problem 6 Pyuria 6
Post-pertussis
Acrodynia 1 G. I. bleeding I encephalitis
Endocrinal Pyrexia of
Anemia 4 disorder 1 unknown origin 7
Retroperitoneal
Arthritis I Hemangioma 2 neuroblastoma 2
Asthma 6 Hemophilia 5 Rickets 1
Intracranial
Birth injury 3 hemorrhage 3 Still's disease
Intracranial
Bronchiectasis 6 tumor 2 Steatorrhea
Staphylococcal
Bronchiolitis 3 Impetigo 4 bacteremia
Ketosis
Bronchitis 14 (non-diabetic) 1 Spina bifida 1
Chicken pox I Laryngitis 6 Syphilis 1
Colitis 3 Lymphosarcoma 2 Splenomegaly 1
Lymphatic Teratoma of
Convulsions 6 leukemia 2 spinal cord I
Congenital Thyroglossal
anomaly of mouth 1 Little's disease 1 duct cyst 1
Congenital
jaundice I Meningitis 3 Typhoid fever 3
Congenital heart Mental Urethral
disease 3 retardation 1 obstruction 2
Non-suppurative
Coma 1 inguinal adenitis 1 Vaginitis 7
Congenital
Dehydration 3 Newborn 8 hernia
Ocular
Dermatitis S paralysis I Abdominal pain I
Diabetes 4 Peptic ulcer I Croup 2
Diarrhea 7 Prematurity 4 Whooping-cough 8
Pyloric
Diphtheria 1 stenosis 2 Tuberculosis 3
Epilepsy 5 Pyelitis 5LANCEFIELD GROUPS OF STREPTOCOCCI IN CHILDREN 413
cus from which the organism was not isolated, since conditions like
otitis media, mastoiditis, cellulitis, etc. may or may not be of strepto-
coccal etiology. This type of infection is somewhat difficult to
define and is considered streptococcal only when the organism is
found at the site of infection or when the clinical findings point
strongly to a streptococcal etiology. It seems fair to say that in this
study Group A Streptococcus hemolyticus was recovered in from 90
to 95 per cent of cases where a streptococcal disease was present.
It is striking, too, that of 475 children examined bacteriologically
only 5 had Group A organisms in the nose or throat without showing
signs of streptococcal infection. We had felt that these cases might
be accounted for if their epidemiological background was examined,
and one of these five cases was found to have come from a children's
home at the time of a small epidemic of streptococcal tonsillitis. In
two cases the family history was not available, and in the remaining
two it was non-contributory. It was found, however, that in these
5 cases the proportion of colonies of hemolytic streptococci was very
low, only 3 or 4 colonies being present on the blood agar plate.
From these findings we conclude that at least in a small city like
New Haven it is rare to find Group A streptococci in children free
from streptococcal disease, and that the presence of these organisms
should prove of diagnostic value.
Summary
1. Of 475 children examined bacteriologically during the period
from September 28, 1938, to March 18, 1939, 100 cultures were
positive for Streptococcus hemolyticus; 93 of these were of Lance-
field's Group A; 6 belonged in Group C, and 1 in Group F.
2. In no instance could disease be attributed to a serological
group other than Group A.
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